This report reviews 21 long-term, longitudinal studies of physical growth as background for the International Growth Reference for Children and Adolescents (IGRCA) initiative. Longitudinal studies form a large share of the evidence base for much of the knowledge on normal growth of children, and the collective experience from their long history is instructive relative to future studies that may result from the IGRCA. Many of the studies were initiated in the 1920s and 1930s when some current techniques, such as the use of doubly labeled water for the assessment of energy expenditure or dual-energy x-ray absorptiometry (DEXA) for the study of body composition, were not available. Nevertheless, many well-established protocols for anthropometry and for assessment of somatic maturation are as important today as they were in the past. With some important exceptions, few of the studies collected detailed information on dietary intake or child health and illness. Genetic or familial factors were limited as well. Many lessons can be drawn from the past experience with prominent longitudinal growth studies. Nevertheless, the exact design, sampling, and measurement protocols chosen for future growth studies emanating from the IGRCA effort must be carefully linked to specific research questions and the explicit purposes for which the resultant data will be used.
Introduction and rationale Background
In 2003, a meeting in Rome brought together representatives from the Department of Nutrition for Health and Development at the World Health Organization (WHO), the United Nations University Food and Nutrition Program (UNU-FNP), and the Food and Agriculture Organization (FAO) to consider the feasibility and appropriateness of developing a single international growth reference or standard for schoolaged preadolescents and adolescents. In particular, the attendees outlined a process for evaluating the potential content and appropriateness of an internationally applicable growth standard, presenting children's optimum growth, rather than a growth reference describing the current growth status of a particular population, some of whom might not be growing optimally. This meeting launched the International Growth Reference for Children and Adolescents (IGRCA) effort. Included in the plan of action emanating from the Rome meeting was commissioning a series of articles to review the available science critical for evaluating the feasibility, appropriateness, and potential content of an international growth reference for school-aged and adolescent children.
An obvious source of guidance concerning potential design and content of research leading to international growth references is long-term longitudinal studies of physical growth and maturation of children. Longterm longitudinal studies are important to consider, for several reasons. First, new research yielding an international growth reference may follow children longitudinally because of the importance of using growth increments or growth rates to evaluate children, and the requirement for measurements on multiple occasions to derive such estimates of growth velocity. Also, if the reference data are to extend through adolescence, an important indicator of maturational timing of the adolescent spurt, i.e., peak height velocity (PHV),
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Long-term longitudinal studies of physical growth and maturation are particularly relevant to consider for the IGRCA, because they have been the evidence base for much of the scientific knowledge on normal growth in children, provide successful examples of longitudinal study designs, have identified important measurements to collect, have well-established measurement protocols, provide data and experience concerning meaningful measurement intervals, and have often been the basis for previous growth and maturation reference data.
Focus and scope
The focus and scope of this review serve to identify those long-term longitudinal studies of physical growth and maturation to be considered, as well as to identify aspects of the studies that are most relevant to the IGRCA. The studies reviewed are observational in nature and represent normal or typical development of individuals in the populations studied. Ideally, the studies include at least the school-age years from 5 or 6 years of age through adolescence for the same individuals; these are usually purely longitudinal studies that enrolled all children at a similar age and followed them regularly for long periods of time. In practice, there have been few such studies, and investigators often have used mixed-longitudinal designs, enrolling children at staggered ages and following them for shorter periods, while still covering a wide total age range.
Shorter-term longitudinal studies (under 4 years), those focusing on sick children or children with a specific condition (e.g., achondroplasia, cerebral palsy), and studies linked with experimental interventions or drug treatments are not considered. Studies limited only to the preschool years or with gaps between examination visits (more than 2 years) are not included. Finally, studies collecting data on only stature and weight, with less than 100 participants, or spanning less than six whole-year age groups have not been included. For example, the Berkeley Growth Study was an influential study, but it included only 61 participants [1] . In the Melbourne Longitudinal Study [2] , there were insufficient details published about specific measurements for the study to be useful, even though it met the other inclusion and exclusion criteria.
An effort has been made to include those aspects and variables of the longitudinal studies that are most relevant to the goals of the IGRCA and to the development of widely applicable growth standards. For example, specialized data collections or measurements collected routinely that are unlikely to be considered for the IGRCA (e.g., dermatoglyphics, craniofacial growth, visual acuity) are not reviewed. Many longitudinal studies have included large batteries of psychological tests in order to study mental and psychosocial development. Although these are important aspects of child development, the measurements are not discussed here, because they are unlikely to be included in studies emanating from the IGRCA.
General approach
Long-term longitudinal studies of physical growth and maturation meeting the above criteria were identified from the scientific literature. An effort was made to be comprehensive, although some studies may have been overlooked. The goal was to apply the knowledge gained from longitudinal studies to the IGRCA effort, rather than to make an exhaustive list of longitudinal studies per se. Consequently, unless the omitted studies have truly unusual characteristics, any omissions should not appreciably affect the conclusions drawn. Descriptions of earlier American longitudinal studies have been published [3] , as have summaries of those studies (mostly conducted on preschool children) coordinated through the International Children's Centre [4] . Tanner [5] has provided useful historical contexts to the chief longitudinal studies in America and Europe.
To simplify current reference to the longitudinal studies, selected aspects have been summarized, and each study has been assigned a number and an abbreviated name (table 1). The sections that follow are organized according to pertinent aspects of the studies with implications for the IGRCA program.
Study design and participants

Study dates and designs
Many of the most prominent American longitudinal studies, such as the Iowa, Third Harvard, Denver, Guidance, Fels, and Brush studies, started between 1920 and 1932 (table 1). The dates on which the longitudinal studies were initiated are only indirectly relevant to the present discussion, in that technology and measurement protocols may have changed over time; consequently, caution may be required in using the same methods now, because they are no longer appropriate. For example, in the Iowa study, subcutaneous fat thicknesses were measured starting in 1929 with a Franzen spring caliper [30] , well before caliper jaw surface areas and tension were standardized in the Harpenden and Lange calipers that were developed in the 1950s and early 1960s [31, 32] .
The relatively early dates of many of the longitudinal studies also explain why some factors now known S201 
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to play major roles in child growth, such as physical activity and diet, were infrequently or poorly measured, and why measurements made with newer technologies such as DEXA and doubly labeled water are absent. Also, data that were collected at earlier dates in the longitudinal studies represent populations absent any secular changes that may have occurred since that time. Accordingly, direct comparisons of current data values with those from older samples should be done with caution. For example, in the Fels Longitudinal Study, the mean body-mass index (BMI) of adolescent girls was 1.19 kg/m 2 higher than that of girls born in the period from 1929 to 1946, and the girls born between 1965 and 1983 had a correspondingly greater total increase in BMI during adolescence [33] . By definition, longitudinal studies collect multiple observations on children, and in the present case, they do so over long periods of time. As seen in table 1, the major longitudinal studies have used both purely longitudinal and mixed-longitudinal designs. Usually, studies of very large numbers of children, such as the Iowa and Philadelphia studies, have mixed-longitudinal designs. Specific implications of various study designs for the IGRCA are addressed by Cole in a separate contribution to this issue [34] .
Visit schedules and intervals between measurements
The timing of scheduled examinations of participants and the intervals between them have several implications for uses and interpretation of the resultant data. During periods of rapid growth, more frequent examination visits allow a more complete description of the patterns of growth, although costs and logistical difficulties increase accordingly. The frequencies of examination visits for selected one-year periods are summarized in table 2. Within each of the one-year periods, the visits were usually scheduled at equal intervals; for example in the Stockholm study, the four visits from birth to 0.99 years of age were scheduled at 1, 3, 6, and 9 months. The frequencies of examination visits are higher during infancy and adolescence, which are periods of rapid growth.
The optimum timing and frequency of examination visits in a longitudinal study should be dictated primarily by the intended applications of the resultant data, and secondarily by the available labor and financial resources. If a chief purpose of an IGRCA longitudinal study is to produce growth reference data relative to age during middle childhood and adolescence, the examination visits during adolescence must be frequent enough to characterize the abrupt changes in growth velocity during the adolescent spurt and to identify accurately the age at peak height velocity in individuals. This level of description requires examinations at intervals of no longer than 6 months, and preferably at intervals of 3 to 4 months during the full range of years when almost all children will go through adoles- 3rd Harvard  --1  1  1  1  1  3  Denver  7  2  2  2  2  2  2  4  Guidance  4  4  1  2  2  2  2  5  Fels  4  2  2  2  2  2  2  6  4th Harvard  5  2  2  2  1  1  1  7  Brush  3  2  1  1  1  1  1  8 California Boys  ----2  2  2  9 Harpenden --2  2  4  4  4  10  Paris  5  4  2  2  2  2  2  11  Philadelphia  ---1  1  1  1  12  Zurich  5  2  1  2  2  2  1  13  West Bengal  1  2  1  1  2  2  1  14  Stockholm  4  2  1  1  4  4  4  15  Wroclaw  ---1  1  1  1  16  Saskatchewan  ---1  1  1  1  17  Leuven  ----1  2  2  18  Nymegen  --1  1  1  1  -19  Leeds  ---1  3  3  3  20  Mexico  ----2  2  -21 Western Australia --
cence. During the years preceding adolescence, annual examinations are probably sufficient to adequately capture the patterns of growth. It is important to note that the optimum intervals between examination visits for a longitudinal study that will use data in the aggregate for a growth reference are not necessarily the same as the optimum intervals for detecting growth in individual children. In the former application, the intended task is to estimate means and quantiles of attained growth and growth velocity, and to describe the characteristic patterns of changes in growth velocity with reasonable precision and accuracy. The precision and accuracy of means and quantiles of size and velocity are primarily dependent on the number of children and the sampling frame at a given age, whereas the accurate description of changes in growth velocity depends on having sufficiently frequent examination visits to capture the features of the growth curve. In contrast, the optimum intervals between serial measurements of individual children to detect meaningful growth depend on the reliability of the measurements, the normal variation in child size on the target ages, and the expected rates of growth [35] . Because attained size and rates of growth vary systematically according to age, so do the minimal time intervals between examinations that are necessary to detect growth.
Some of the longitudinal studies provide acceptable tolerances for the target ages for examination visits. For example, visit tolerances from the Fels longitudinal study are presented in table 3 [11] . From the 6-month visit until the visit at 7.5 years, the tolerance is about 1% of chronological age; tolerance then decreases as the child gets older. The small tolerances for sched-uled examinations provide data points very close to prescribed ages and make age-specific reporting convenient. Furthermore, small tolerances minimize agerelated covariance and the resulting inflated standard deviations of growth variables in age-specific samples. Nevertheless, some examinations invariably will occur outside of the prescribed tolerances. In the past, to ensure the precision of age-group definitions, these offschedule data may not have been included in reports. More recently, investigators have used the serial data for individuals and mathematical functions to interpolate measurements at exact ages when needed, for example, for calculation of increments [36, 37] , or have used statistical approaches for group analyses that can accommodate differences in age at examination [11] .
Participants
It is difficult to ensure that participants in long-term longitudinal studies are statistically representative of national populations because of the relatively small samples and the requirement to retain participants who live in convenient locations for multiple clinic visits over long periods. Accordingly, individuals with long series of measurements are a self-selected subsample of all participants.
The participants in most of the longitudinal studies are from families of middle or upper-middle socioeconomic status, defined according to local standards at the time. Nevertheless, in several studies, such as those from Leuven, Saskatchewan, Wroclaw, and Stockholm, care was taken to sample multiple socioeconomic levels or even to explicitly stratify samples according to socioeconomic status.
Almost all of the longitudinal studies have primarily participants who are white children of European heritage. The exceptions to this generalization are the Philadelphia study, with its planned inclusion of African-American children, and the West Bengal and Mexico samples, which included local children who usually would be considered Indian or Latino, respectively. A few African-American participants were included in the Third Harvard and the Fels longitudinal studies, but their data usually have not been reported.
The details concerning recruitment of study participants at or near the time of birth into the longitudinal studies are sketchy, although prenatal clinics were the source for the Fourth Harvard and the Stockholm studies, and sampling from birth records is indicated for the Iowa and Guidance studies. Several of the studies, including the Third Harvard, Guidance, Mexico, Wroclaw, Leeds, Philadelphia, and California Boys studies, recruited participants from local schools. The Harpenden study is unique among the longitudinal studies in sampling residents of a children's home (near London). Source: Roche [11] .
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For the IGRCA, the key issue in identifying participants for a longitudinal study leading to development of a growth reference will be the specific intent of the final product. If the resulting growth reference is prescriptive and provides a standard of optimum growth, much attention must be given to definition and selection of the children, their families, and even communities to meet the conceptual desiderata. If the resulting growth reference is to provide current descriptions of the growth of children in naturally occurring populations, participants will need to be identified through sampling frames that are statistically representative. It will be logistically crucial to enroll children (and their families) in ways that will ensure their continued participation and retention in the study cohorts.
Chief measures and data collected Anthropometry
The anthropometric dimensions measured most commonly in the longitudinal studies (in at least three studies) are presented in table 4. Weight and stature were the only measurements included in every study at all ages. Recumbent length was measured in all studies that included examination visits for infants and children less than 3 years of age. Several studies (the Fels, Fourth Harvard, Brush, and Zurich studies) included recumbent length measurements at every visit throughout childhood and adolescence, or at least through middle childhood (the Stockholm study). Certainly, weight and stature are the anthropometric dimensions Weight n n n n n n n n n n n n n n n n n n n n n Heights Stature n n n n n n n n n n n n n n n n n n n n n Sitting n n n n n n n n n n n n n n n n n n n n Subischial a n nn n nn n n nnn --n n n Lengths Recumbent n nn n nn nn n n -------Crown-rump --n nn n n n --nn -------Arm a n nnn ---n n nn ----n n Breadths Biacromial n n n nn n n n n --n n n n n n n n Biiliac -n n n n n n n n n n n n n n nn n n -Bitrochanteric n -----n n --n ---n -----n Knee n nn ---n nnn n n n n n n n Elbow n nn n --n nnn n n n n n n n Chest n n n --n n n --nn n n n n ----Head n n n --n n ----n nn ----n -Circumferences Head -n nn n ---nnn ---nn -Chest n nn n n nnnn n n n --n n Thigh n ---n --n n -----n n n ---n Calf n n n n --n n nnnn nnn Arm n nn --n n nnn n n n n n n n Abdominal --nn nn ------------n Hip ----n ---------n n -----Skinfolds Triceps n nn ---n nnn n n n n n n n Biceps n nn --n n nnn ---n n --Subscapular n nn ---n nnn n n n n n n n Suprailiac n nn --n n nnnn n n n n n Calf --nn ----------n n --n n Abdominal --n ----n ------n n ----n a. The dimension may be measured directly or derived from other measurements.
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used most widely in clinical and public health settings for general evaluation of healthy development and as indicators of undernutrition, subsequent health risk, and overweight and obesity [38] .
Sitting height was measured in all studies except for the Guidance study, where crown-rump length, which provides very similar information, was measured. The only segment length commonly measured was arm length.
Body breadths or widths have been used as measures of frame size and as anthropometric predictors of body composition [39] . The body breadths most commonly included in the longitudinal studies were biacromial (shoulder) and biiliac (hip) breadths; measurements of bony breadths at the knee and elbow were almost as common. Although ankle and wrist breadths were measured rarely in the longitudinal studies (only in the Third Harvard and Denver studies), they have been shown, at least in adults, to be good predictors of lean mass while being virtually uncorrelated with body fat; consequently, they are excellent candidates to aid in discriminating between fat and lean [40] .
The most commonly measured circumferences in the longitudinal studies were those of the arm, calf, and chest. Arm and calf circumferences have become important anthropometric indicators of undernutrition [38] , whereas chest circumference was commonly used as a measure of frame size in the past [39] . Head circumference is routinely used for clinical evaluation of children but was not always included in the longitudinal studies, even during the first few years of growth when head size is of most interest to clinicians.
Few of the longitudinal studies routinely measured waist or abdominal circumference and hip circumference. Almost all of the longitudinal studies, however, were initiated (and many completed) before the first general recognition of the importance of waist and hip circumferences as measures of visceral and subcutaneous fat distribution and as indicators of health risk [41] . Certainly, any new longitudinal studies that consider cardiovascular or diabetic risk factors should include waist and hip circumferences to document the development of these dimensions that have become so important as indicators of subsequent health risk.
Skinfold thicknesses measure the double thickness of compressed skin and subcutaneous fat at particular body sites. Subcutaneous fat has received attention because of its accessibility with noninvasive methods and because it is highly correlated with total body fat [42] . Even though skinfold protocols and calipers were not fully standardized until after 1950, skinfolds were included in many of the longitudinal studies. The most common sites for skinfold measurements were the triceps, subscapular, and suprailiac sites, which have been recommended repeatedly because of reliability, validity, and risk prediction [43] . In the Fourth Harvard, Denver, and Fels longitudinal studies, subcutaneous fat thicknesses were measured without compression directly from soft-tissue radiographs taken at several trunk and extremity sites, including deltoid, forearm, thigh, calf, 10th rib, and hip [44] . At Fels and Saskatchewan, the traditional measures of fatness and body composition have been augmented by DEXA and bioelectric impedance in recent years.
For some of the longitudinal studies, growth variables routinely derived from direct measurements were specified. These derived variables are generally of two sorts, projected segment lengths and ratios or indexes. The anthropometric methods passed on from the nineteenth century measured body segment lengths as projected differences between theoretical horizontal planes at the levels of bony landmarks that were measured as heights from the floor. For example, projected arm length was derived as the difference between the height of acromion (the most lateral point of the acromial process of the scapula) and the height of dactylion (the most distal point of the third finger with the arm hanging naturally at the side). Several of the longitudinal studies, such as the Third Harvard, Fels, Brush, Philadelphia, and Mexico studies, included some of these traditional landmark heights and used them to derive segment lengths. Subischial length (or height), the difference between stature and sitting height, is one of the few vestiges of this traditional approach of projected lengths that is commonly included in anthropometric protocols nowadays [46] .
Several longitudinal studies specifically mentioned derived measures that were routinely calculated as ratios or indexes: e.g., stature:sitting height, biacromial breadth:biiliac breadth, sum of skinfolds, and bodymass index (weight in kilograms divided by the square of stature in meters). Obviously, these derived variables may have been calculated from the same direct measurements and used routinely in other studies as well, but not mentioned in the study descriptions.
Measures of maturation
Measures of maturational status collected in the longitudinal studies are presented in table 5. Skeletal maturation was assessed in almost all of the longitudinal studies. Skeletal maturation is especially attractive because it provides quantitative estimates of maturational progress from infancy through much of adolescence [47] . Measurement of maturational status based on a radiograph of the hand and wrist was the most commonly used method in the longitudinal studies, reflecting the early work of Baldwin et al. [48] and Todd [49] , which was later extended by Greulich and Pyle [50] , Tanner et al. [51] , and Roche et al. [52] . Skeletal maturation assessments based on radiographs at other joint sites were included mainly in response to the early scoring systems proposed by Todd that were subsequently developed fully only for the knee [47, 53] and the foot-ankle [54] .
The ages at eruption or emergence of deciduous and Implications of long-term longitudinal studies for growth references S206 permanent teeth or the number of teeth erupted at a given age can be used as measures of dental maturation [55] . A few of the longitudinal studies collected this information on dental development, and at Fels additional measures of individual tooth maturation were assessed from panoramic radiographs. Eruption of the primary dentition is primarily controlled genetically and is extremely resistant to environmental factors [56] . Eruption of the permanent dentition, or the number of permanent teeth at a given age, is a useful measure of somatic maturation for groups but is insufficiently sensitive to be useful for individual-level applications [57] . The development of secondary sexual characteristics was assessed in many of the longitudinal studies as an indicator of sexual maturation. Descriptive stages of the qualitative changes in type and distribution of body hair and of the development of genitalia in males and breasts in girls had been proposed before most of the early longitudinal studies were initiated [58] , but the stages were not standardized and routinely recorded until after the work of Nicolson and Hanley [59] and Reynolds and Wines [60, 61] . After these stages of sexual maturation were made more available by Tanner [15] , most of the longitudinal and other growth studies adopted his stages, and in some cases even have referred to them as Tanner stages. Testicular volume, assessed by palpation and comparisons with models of known volume, was used as a measure of sexual maturation in some of the longitudinal studies that were begun after 1950. Voice change in boys was routinely recorded only in the Stockholm longitudinal study, but the reliability and validity of this indicator were quite good [21] . Most of the longitudinal studies recorded menarcheal status as an indicator of sexual maturation in girls.
An important indicator of maturational timing derived in many of the longitudinal studies was age at PHV or peak stature velocity, the estimated age of maximum velocity of growth in stature during the adolescent spurt. As a cautionary note, the timing and intervals between measurements during the adolescent spurt and the method used to estimate the peak age can result in surprisingly large differences [11] .
For growth studies that are developed as part of the IGRCA, measures of somatic maturation should be carefully considered, especially if the adolescent years are included. During adolescence, significant variation in growth variables is associated with maturational status, even within strictly defined chronological age groups [62] . Moreover, the times of maturational thresholds or landmarks, such as peak height velocity or menarche, have become important descriptors of the tempo of development [38] . Maturation  measure  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Skeletal Hand-wrist n n n n n n n n n n --n n n nn n --Knee ---n n n n nn -----------
Deciduous eruption ----n n --n n ---n ---n ---Permanent eruption -n --n nn n n ---n ---n ---
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The exact maturational measurements and indicators used for IGRCA studies must depend on the specific purposes of their use, technical and personnel requirements for their implementation, and the acceptability of the measurements [38] . For example, although the ionizing radiation associated with a hand-wrist radiograph is minimal, it may not be acceptable to some national or local policies concerning radiation safety. Direct observation of secondary sex characteristics may not be acceptable to some communities or individuals, even if conducted by observers of the same sex.
Hematologic and biochemical measurements
Few of the longitudinal studies routinely drew blood samples or obtained urine. Exceptions to this pattern were the Denver and Nymegen longitudinal studies. At Denver, blood was obtained at the regularly scheduled examination visits and was assayed for what we would now call a complete blood count (CBC) and also for sedimentation rate, total cholesterol, alpha-lipoprotein cholesterol, beta-lipoprotein cholesterol, total protein, fibrinogen, albumin, and alpha-, beta-, and gammaglobulins. At Nymegen, regular hematologic measurements included hemoglobin, hematocrit, erythrocyte count, serum iron, iron-binding capacity, transferrin saturation, immunoglobulin concentration, and gonadotropin concentration.
At Fels, serum alkaline phosphatase, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and urinary creatine and creatinine were measured for a number of years. Hemoglobin and erythrocyte count were measured routinely in the Fourth Harvard study, and urinary gonadotropins were measured on four annual occasions in the Leeds study.
Hematologic and biochemical measures may be considered for IGRCA studies for many purposes, including selection criteria for participation in the studies, description of the general health and nutritional status of the participants, indicators of sexual maturation, or as outcome variables of interest relative to specific research questions. The previous longitudinal studies offer little guidance on specific measurements that should be taken, but experience with the Denver and Nymegen studies indicates that routine sampling for hematologic and biochemical measurements can be successfully incorporated into long-term longitudinal efforts.
Measures of feeding or diet
As a part of the Fourth Harvard longitudinal study, Bertha Burke developed the dietary history method [63] of recording the kind, amount, and frequency of foods consumed during a period of 1, 3, or 6 months, covering the interval since the previous interview. Burke trained Virginia Beal, who directed the nutrition component in the Denver study. The Denver study used the Burke dietary history, as well as four 24-hour recalls on different days close to each scheduled examination visit [64] . Analyses of the dietary data from these two longitudinal studies were very influential, and they were highly unusual at the time because of their longitudinal nature. At Fels, maternal diet (e.g., Sontag et al. [65] ) and breastfeeding and diet in infancy [66] were studied for a period of years in the longitudinal study participants. Nevertheless, few detailed dietary data were collected in the other longitudinal studies as part of their routine long-term protocols.
The dietary history and 24-hour recall methods are still often used in forms fundamentally unchanged from the way they were applied in the longitudinal studies, although there have been major advances in the nutrient and food databases used with them. Nevertheless, whether and how dietary intake per se should be measured for IGCRA-related studies, again, must depend on the specific research questions to be answered by the studies.
Physical activity, fitness, and exercise
Physical activity per se or proxy measures for energy expenditure by participants were not of major interest in the longitudinal studies; indeed, even in the general scientific literature, these concerns only became more prominent in the last quarter of the past century. The Saskatchewan longitudinal study originated in a department of physical education and kinesiology at a comparatively late date (1964), so it is not surprising that questionnaires assessing physical activity and sports participation were routinely applied. Nevertheless, similar data were not collected in the other longitudinal studies, even those initiated more recently and housed in similar academic departments, such as the Leuven and West Australia studies.
Several of the longitudinal studies (i.e., the Iowa, Guidance, California Boys, Leuven, Nymegen, and West Australia studies) included one or more measures of static strength, such as grip strength, arm pull, or leg pull. The Saskatchewan, Leuven, and West Australia studies also included measures of explosive and functional strength, flexibility, speed of limb movement, and running speed. The Saskatchewan and West Australia studies also measured pulmonary function and working capacities. Clearly, the longitudinal studies focused more on the development of functional outcomes of the participants, rather than viewing physical activity as an exposure, as one would in more epidemiologically oriented studies focusing on nutritional status or other health outcomes.
Medical and health status
Routine health histories and physical examinations are listed for relatively few of the longitudinal studies, namely, the Denver, Fourth Harvard, California Boys, Nymegen, and Saskatchewan studies. Nevertheless, Implications of long-term longitudinal studies for growth references S208 because several of the longitudinal studies (e.g., the Paris, Zurich, and Stockholm studies) were housed in and operated by departments of pediatrics, it seems likely that data from health histories and physical examinations were routinely collected, even if the published accounts of the longitudinal studies do not list them. Actually, very few health data from the longitudinal studies have been published. Exceptions to this include the data on health histories and electrocardiography from the Denver study [9] and the landmark studies of longitudinal illness experience from the Fourth Harvard study [67] . Alex Roche completed a massive review (1,400 pages) of the development of blood pressure in children, including analyses of the blood pressure data from the Fels, Fourth Harvard, Denver, and Berkeley longitudinal studies; unfortunately, these analyses are only available in an unpublished technical report to the US National Institutes of Health.* In general, it appears that the main purpose of most of the health examinations in the longitudinal studies was to document and ensure the health of the participants, rather than to collect health data to be used as outcome variables to answer specific research questions.
Family measurements and genetic aspects
Few of the longitudinal studies routinely collected data from parents or families of participants, other than data necessary for demographic characterization of the samples or data on prenatal factors during the pregnancy resulting in the participant's birth. Parental stature and weight were measured in the Denver, Fels, Fourth Harvard, and Philadelphia studies. In the Fourth Harvard, Denver, and Fels studies, some siblings were included in the samples, although for some analyses only one child per family was included.
At Fels, recruitment focused on families, not just on individuals, so that up to three generations of the same families have been participants in the longitudinal study [11] . The parent-child relationships at Fels have allowed many familial analyses [68] , the use of parental data in a method to predict adult stature [69] , and a method to adjust childhood stature for that of parents [70] . The pedigrees of Fels families have also been used in quantitative genetic analyses [71] .
Concluding comments concerning implications for the IGRCA
The longitudinal studies considered span a wide range of time and place. It is not at all clear that any of the longitudinal studies were designed primarily, or even secondarily, for the purpose of developing a growth reference or standard, even though data from some of the studies subsequently have been used for that purpose [16, 36, 37, 72] .
Most of the longitudinal studies focused on describing normal physical growth and maturation and were less concerned about child health or nutrition per se, which are major concerns for the IGCRA. Exceptions to this generalization are the Fourth Harvard and Denver studies. The longitudinal studies did, however, reflect the academic traditions and training of their chief investigators. Many of the earliest longitudinal studies, such as the Iowa, Third Harvard, Guidance, Brush, and California Boys studies, originated out of comprehensive views of child development in psychology, education, and sociology that included physical development. Some of the studies starting later, including the Philadelphia, West Bengal, Wroclaw, Saskatchewan, Leuven, Mexico, and Western Australia studies, arose out of traditions in anthropology and physical education.
There are some additional issues related to longitudinal studies that are seldom mentioned explicitly in descriptions of the studies but that are still very important. First is the need for carefully standardized measurement protocols and well-trained data collectors. Because serial data for individuals will be used, perhaps including calculated increments of change, both random measurement errors and measurement bias need to be minimized as much as possible [73] . Maintaining a small number of anthropometrists through time and tracking interobserver variation in measurements favor high-quality measurements. Standardized data-cleaning and management ensure that unusual values, late visits, and missing data are handled in a similar manner over time.
Because longitudinal studies involve the same participants and families over an extended period, special effort is required by study staff to foster good relationships with the participants and families to ensure timely visits and retention of participants. Special attention to participant burden and family circumstances is a worthwhile endeavor and is paid for many times over in terms of participant good will, cooperation, and community acceptance of the study.
Growth studies that may result from the IGRCA will provide an opportunity to design research specifically to yield data suitable for the development of a growth reference or standard for childhood and adolescence. By carefully defining research questions and specific purposes for the data and then linking the design, sampling, and specification of variables closely to these purposes, the accumulated knowledge and experience of the previous longitudinal studies can provide wise lessons for the future.
